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INTRODUCTION
The Cheng Cycle Series 7 Engine represents an innovative new concept in industrial gas turbines. A detailed discussion of the Cheng Cycle, the potential gains in power and efficiency that its application would yield for a number of gas turbine engines, and an example of the performance improvements it offers in cogeneration applications is given in Reference 1.
Three units were installed in two cogeneration plants by International Power Technology, Inc. in 1984. Both plants completed acceptance tests in December 1984, and were in commercial operation in January, 1985.
Two units comprise a single plant at Sunkist Growers, Inc., in Ontario, California. The third unit, the first to be placed in operation, is located at the California State University at San Jose. This paper describes briefly the Cheng Cycle Engine concept and characteristics and the San Jose State University cogeneration plant components, design features, operation and control system characteristics and initial performance levels.
THE CHENG CYCLE SERIES 7 ENGINE COGENERATION SYSTEM
An illustration of the Cheng Cycle Series 7 Engine in a cogeneration plant installation is given in Fig. 1 . The Cheng Cycle Series 7 Engine consists of an Allison 501-KH gas turbine in combination with a heat recovery steam generator (HRSG) that is closely matched to assure high cycle efficiency.
Steam from the HRSG is injected into the gas turbine combustion region to increase the power output of the basic engine. The KH version of the 501 engine incorporates modifications by Allison specifically for operation a superheater, located immediately downstream of the turbine exhaust diffuser section, to raise the temperature of the injection steam to as high a value as possible before injection. This temperature elevation reduces the amount of additional fuel that needs to be supplied to the gas turbine to raise the temperature of the steam to turbine inlet temperature, and thus enhances the engine heat rate. a secondary combustor, located immediately downstream of the superheater, followed by a combustion duct section. This secondary combustion provides for the production of additional steam either for increased power generation or for process, depending upon the desired operating condition. The operating regime of the Cheng Cycle Series 7 Engine Cogeneration application is illustrated in Fig. 2 . Point 2 indicates the power generated by the basic gas turbine driving the generator with no steam injection, and the amount of steam for process generated by the HRSG with no heat added to the exhaust gas by the secondary combustor.
Under this condition, the superheater operates dry.
As steam is directed from process to the gas turbine, the power output of the turbine and of the generator increases along line 2-1, which represents a constant turbine inlet temperature of 1895 degF (1308 degK) the highest allowable firing temperature for continuous duty. At point 1 all of the steam generated by the gas turbine exhaust heat energy is injected into the gas turbine and none is available for process.
Use of the secondary combustor expands the operating regime of the cogeneration system from line 1-2 to include the entire area A . Line 3-4 
THE FIRST COMMERCIAL PLANT
The first commercial plant completed its formal acceptance tests in December, 1984. The plant is an indoor installation located in a previously unused section of the existing power house at the University that had originally been planned for expansion of the existing plant.
A sectional elevation view of the plant is given in Fig.  3 , where it may be seen that major components are on a ground level operating floor, with auxiliary equipment in a basement.
The primary fuel is natural gas, which is supplied by the local utility at a pressure of 1 0 0 to 150 psig. A rotary type gas compressor boosts the pressure to 300+ psig required to supply the gas turbine.
The liquid fuel is pumped from underground tanks to an elevated head tank from which it is drawn by a shaft driven fuel pump on the gas turbine.
Engine air is drawn from above through ducting into a plenum within the gas turbine-generator set enclosure. The ducting extends down to the basement level and outside to an open subsurface areaway.
A self-cleaning filter and an evaporative cooler through which the engine air is drawn are located in this areaway. Cooling air for the generator, gearbox and gas turbine is drawn into the enclosure through a silencer/filter on top of the enclosure, circulated separately through the generator and through the remainder of the enclosure and exhausted through two ducts extending through the roof.
Plan The rather abrupt expansion duct section joining the gas turbine exhaust nozzle covering to the superheater is of internally insulated double wall construction and is fitted with a series of turning vanes to avoid flow separation and maintain the pressure Steam is supplied to the University's steam header at a pressure of 50 to 100 psig (3.447 x 105 to 6.894 x 105). The steam supplied to the University is used for space heating and cooling in buildings throughout the campus. An existing underground steam distribution system is used for heating.
In summertime, steam is used as the energy source for water chillers. chilled water is distributed to the University The building's air conditioning units. Existing fired boilers will be placed on standby and used to provide steam during periods when the cogeneration plant is down for maintenance or overhaul.
Electrical power is generated at 12.47 KV, the voltage of the main electrical bus, and the generator is tied through a protective breaker directly to the bus. Electrical energy is supplied to serve the University needs, and excess is exported to the local utility (Pacific Gas and Electric Company) grid. If the University electric demand exceeds the output of the cogeneration plant, from the utility grid. the shortfall can be imported In case the utility grid is down, the cogeneration plant can supply the University as an isolated grid.
The cogeneration plant was installed at no cost to the University. A portion of the plant piping and instrumentation diagram is shown in Fig. 9 . Upon startup of the system, the gas turbine is brought up to speed at zero load. Once at speed the gas turbine is then loaded to its basic load.
It is owned by a third party and is operated for the owner by IPT Energy Management
As the drum begins steaming, steam begins flowing to the engine as the drum pressure superheated to over 900 degF (755 degK) in the superheater, it is expected that no water droplets will ever reach the gasturbine. Because the gas turbine will be in operation in excess of 8000 hours per year and a large amount of steam will be injected per year, special treatment of the feed water was undertaken to provide a margin of safety.
The raw water at the site contains total dissolved solids (TDS) in the amount of some 520 ppm, and total hardness (as CaCO 2 ) of 400. Reverse osmosis and softener units were provided to bring the makeup water total hardness to less than 0.05 and the TDS down to 40 ppm.
A continuous blowdown is utilized to keep the Drum TDS concentration at a relatively low level. The automatic control system was supplied by IPT and was developed using Bailey Network 90 hardware components.
CONTROL
The first TCM unit houses an annunciator panel and critical operating and safety system parameters.
The second TCM unit provides analog displays of the generator and bus operating characteristics as well as protective relays and the gas turbine programmable controller.
The third TCM unit contains electrical metering equipment (Jem meters) for billing purposes as well as the electrical synchronizing equipment and the gas turbine governor.
The digital Operator Interface Units supplied by IPT provide upon call-up any information that appears on the TCM panels.
In addition it controls the HRSG operation, including the control valve for the gas turbine injection (or Cheng Cycle) steam. Upon call-up it provides status information for the HRSG system and 1985, is undergoing adjustments and minor modifications of various components as time permits to tune the plant performance to the peak design levels. Emission measurements were taken at a turbine inlet temperature of 1800 degF (1255 degK) for plant permitting, since the initial planned operation is at this temperature.
The NOx emissions were measured to be about 10 ppm of dry flow (corrected to 15% 02) or about 70 lb/day, for a power production rate of 5370 kw and for process steam ranging from 0 lbs/hr to 25,000 lb/hr by firing of the secondary combustor. 
